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T f r»NTr/VI FIELD 

This invention relates t. a device for delivering - ** 
transdennall, or transnmcosally by iontophoresis. More art c larly, 
transdermal ly or . ,,, DO wered iontophoretic 

this invention relates to an electrically "°" er (se 

to the body. 

Rfli-KftRnUND ART 
introduction, by means of electric current, 

e to be i«»bilized near the source of electric current The 
ts h device -as powered b, a galvanic eel, for»e< f™ 
elec trodes and the naterial containing the dreg to be del e ed 

Coseo substantial less interference with the patient's d.,1, 
activities. 

30 • „* limited solely to the delivery of 

Todav, iontophoresis is not limited soieiy 

can be used to deliver an uncharged drug or agent into the body. 

li qui d solvent containing the uncharged drug or agent) which 
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induced by the presence of e„ electric field ,.posed across the 
* t e donor electrode. As used herein, the terns -iontophoresi • 
n tontophoretic- refer to ,„ the deliver, of charged 
s J ' <«™^«ion, W , he deliver, of uncharged 

" agents by the process of electrons™,*,*, (3) the delivery of c aid 
™ 9 s or agents by the coined processes of electro., t „ ,7 
hie troops, and/or ,4) the delivery of a fixture „ charged a„d 
uncharged dregs or agents by the combined processes of 
electromigration and electroosmosis. 

Recently, e number of United States patents have issued in th» 
iontophoresis fiPiH <„,j^,*. issuea in the 

drug delivery For e! i ? ' — ° f 

g oenvery. For example, Vernon et al us Patent No 3 gg. 755. 

3 s ;; 5 e „;v s h patent No - 4a4i ' 35si m ™ us 

*,J38,545 and Jacobsen US Patent No 4 ?w rid a- , 

«~~» «... „ , TO »™S;"r " 

r;ztr=r;:ir::::; = "^-tr 

common use of iontoDhoresU ic ,„ a- . rerna PS the most 

deliver,™ „« t0Ph0reS1S 15 in posing cystic fibrosis by 
delivering pilocarpine salts Tontophoreticall v Tho „-i 

In presently known iontophoretlc devices, at least two 
lectrodes are used. Both of these electrodes are d os ed so as to 
be .n ,„t „ate electrical contact with see portion the s „ or 
other „e,nbra„e surface of the body. One electrode Zv, l ,\ 
or donor electrode, is the electrode fro/* t "J 

-stance to be delivered Into the body ^ S^™.., 
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Hnnl then the anode will be the active electrode and the 
a cation), then substance ■ 

cathode will serve to complete the circuit, 
to be delivered is negatively charged (i.e., an anion then the 
cathode will be the active electrode and the anode will be the 
5 counter electrode. 

Alternatively, both the anode and cathode may be used to 
deHver dr ge of opposite charge into the body. In sue a case both 
deliver aruy r electrodes. For 

electrodes are cons, e r e e ac o ^ 

ionic substance into the body. 

tentophoretic delivery devices generally reguire a r^rj 
„ source of t e beneficial a,ent to be iontophoretically 

triced into the body, examples of such reservoirs or sou es of 
rents include a pouch or cavity es described in the previously 
Tt on d acobsen US Patent No. 4.ZS0.B78, . Porous sponge or pad as 
osed in Oacobsen et al US Patent Ho. 4.141.399. or a pre-formed 
. fZ . described in Webster US Patent No. 4.383,5 M an nor. 
ft .1 US Patent No. 4,474,570. Such drug reservoirs are •'•*"•"» 

„ ected to the anode or the cathode of an 
provide e fixed or renewable source of one or .ore desired agents. 

Io „tophoretic delivery devices which are attachable at a skin 
SU rface and rel, on electrolyte fluids to estabiish e ec tnca 
contact with such skin surfaces can be divided into et le t two 
categories. The first category includes those devices which re 
.^.0 d with the liquid electrolyte contained in the electrode 
M Te »cond type of device uses dry-state electrodes 

Z receptees are easterly filled with a 

ion immediate,, prior to application to the body. With h 
pes of devices, the user currently experiences numerous problems 
which make their use both Inconvenient and problematic. 



35 



With respect to the prefllled device, storage is a major 
concern. Many drugs have poor stability when in solution. 
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According, the shelf ,ife of prefnied jontopl , orettc 

• ectrica, co„ P onents „ „ so , potentj> , 
v es „ example , the return e,ectrode ,sse.*,y us a „ y tains 
• m e,ectro,yte salt such as sodio, chloride which over tine ceo c 
orroston of netellic eod other electrically condnctive nate „ 

stenluy of the electrodes and preventing microbial growth therein 
, o oi: 3 Mrt,CUUr " he " "» »*« — to conduct 

to he drug and/or electrolyte reservoirs of an iontophoretic 

-Uh profit ^Z^'Tl ^ 

• or electrolyte fro, the electrode 9 rece t , m esu nT 

zz?z°::ti s,ate - furthe — - — 

elect odo " Pr ° UctiVe - 1 " h,d ' the 

. ectrode open.ng and retains the Huid within the receptacle cavit, 

m* be renoved prior to , PP ,ica,ion on the skin. Arte r«o V a 

s pro ective sea,, spillage often occors ,„ attesting " c 
the , ectrode on the skin. Such spt „ age , th€ P /"« 

d hesive contact of the e,ectrode to the skin and a,so void a 
,o„ o the receptee cavity. The consegoon, ,oss o d „g or 
. ectrolyte so,„„o„ can disrupt e,octr,ca, contact with the 
electrode and otherwise disru P ,s the desired unifom en 
gradient a PP lied by these devices. Potential 

of stol?" 9 " "V UU e,eCtr0deS have "-"»« •*«**.. in ease 
of storage, severe, P rob,e„s remain. For exaai P ,e, the drug a d 

t o th re " PtaC,eS ° f SUC " ' deVf " are — tmna, led 
through an opening prior to application of the device to tne 

r: :,::;:„ lyt T : erefore - the sw ^ ° f « <«. - 

eUctrode iPP " Cati0n """" " " ith "» ■"""«! 

... rr: — r:rr * — 
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applications. Such nonuniform current flow may result from the 
occurrence of air pockets within the receptacle cavity at the skin 
surface. Such effects are particularly troublesome in iontophoresis 
applications, where a nonuniform current distribution may result in 
excessive skin irritation or "burning". 

More recently, iontophoretic delivery devices have been 
developed in which the donor and counter electrode assemblies have a 
-multnaminate" construction. In these devices, the donor and 
counter electrode assemblies are each formed of multiple layers of 
(usually) polymeric matrices. For example, Par si US Patent 4,731,049 
discloses a donor electrode assembly having hydrophilic polymer based 
electrolyte reservoir and drug reservoir layers, a skin-contacting 
hydrogel layer, and optionally one or more semipermeable membrane 
layers. In addition, Ariura et al US Patent 4,474,570 discloses a 
device wherein the electrode assemblies include a conductive resin 
film electrode layer, a hydrophilic gel reservoir layer, an aluminum 
foil conductor layer and an insulating backing layer. 

The drug and electrolyte reservoir layers of iontophoretic 
delivery devices have typically been formed of hydrophilic polymers. 
See for example, Ariura et al , US Patent 4,474,570; Webster US 
Patent 4,383,529 and Sasaki US Patent 4,764,164. There are several 
reasons for using hydrophilic polymers. First, water is 
biocompatible, highly polar and therefore a preferred solvent for 
many drugs. Secondly, hydrophilic polymer components (i.e., the drug 
reservoir in the donor electrode and the electrolyte reservoir in the 
counter electrode) can be hydrated while attached to the body by 
absorbing water from the skin or from a mucosal membrane. For 
example, skin contacting electrodes can be hydrated by absorbing 
sweat or water from transepidermal water loss. Similarly, electrodes 
attached to an oral mucosal membrane can be hydrated by absorbing 
saliva. Once a sufficient quantity of water is sorbed into the drug 
and electrolyte reservoirs, ions are able to move through the 
, reservoirs and across the tissue, enabling the device to deliver 
agent to the body. Hydrogels have been particularly favored for use 
as the drug reservoir matrix and electrolyte reservoir matrix in 
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iontophoretic delivery devices, in part due to their high equilibrium 
water content and their ability to absorb water from the body. In 
addition, hydrogels tend to have good biocompatibil ity with the skin 
and with mucosal membranes. However, since many drugs and certain 
s electrode components are unstable in the presence of water, 

iontophoretic drug delivery devices having a drug reservoir formed of 
a prehydrated hydrogel may also have an unacceptably short shelf 
life. One solution to the drug stability problem is to use 
hydrophilic polymer drug and electrolyte reservoirs which are in a 
substantially dry state, (i.e., in a non-hydrated condition) The 
drug and/or electrolyte can for example be dry blended with the 
hydrophilic polymer and then cast or extruded to form a non-hydrated 
though hydratable, drug or electrolyte containing reservoir 
Unfortunately, the non-hydrated hydrophilic polymer components must 
first absorb sufficient quantities of water from the body before the 
device can operate to deliver drug. This delivery start-up period 
can take in excess of several hours. This delay makes many devices 
•insulted for their intended purpose. For example, when using an 
iontophoretic delivery device to apply a local anesthetic in 
preparation for a minor surgery (e.g., surgical removal of a mole) 
the surgeon and the patient must wait until the drug and electrolyse 
reservoirs of the delivery device become sufficiently hydrated before 
the anesthetic is delivered in sufficient quantities to induce 
anesthesia. Similar delays are encountered with other drugs. 

In response to the difficulty of iontophoretic delivery of a 
drug which is unstable in water, Konno et al in US Patent 4,842 577 
disclose in Figure 4 an iontophoretic electrode assembly having'a 
substantially non-hydrated drug containing matrix and a separate 
water reservoir which is initially sealed, using a foil sheet, from 
the drug containing portions of the electrode. In order to activate 
the Konno et al electrode assembly, the top of the water reservoir 
container is depressed, causing the foil sheet to break and thereby 
release the water into the non-hydrated drug-containing matrix 
Unfortunately, this electrode design is not only difficult to ' 
manufacture but also is subject to severe handling restrictions. In 
particular, there is a tendency for the foil seal to be inadvertently 
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broken during manufacture, packaging and handling of the electrode. 
This can have particularly drastic consequences especially when the 
seal is broken during manufacture or shipping of the device. Once 
the seal is broken, water is wicked into the drug-containing 
reservoir which can cause degradation of the drug and/or other 
components before the device is ever used. 

Another disadvantage of using non-hydrated hydrophilic polymer 
components is that they have a tendency to delaminate from other 
parts of the electrode assembly during hydration. For example, when 
utilizing a drug reservoir matrix or an electrolyte reservoir matrix 
composed of a hydrophilic polymer, the matrix begins to swell as it 
absorbs water from the skin. In the case of hydrogels, the swelling 
is quite pronounced. Typically, the drug or electrolyte reservoir is 
in either direct contact, or contact through a thin layer of an 
ionically conductive adhesive, with an electrode. Typically, the 
electrode is composed of metal (e.g., a metal foil or a thin layer of 
metal deposited on a backing layer) or a hydrophobic polymer 
containing a conductive filler (e.g., a hydrophobic polymer loaded 
with carbon fibers and/or metal particles). Unlike the hydrophilic 
drug and electrolyte reservoirs, the electrodes do not absorb water 
and do not swell. The different swelling properties of the 
hydrophilic reservoir and the electrode, or the ionically conductive 
adhesive, results in shearing along their contact surfaces. In 
severe cases, the shearing can result in the complete loss of 
electrical contact between the electrode and the drug/electrolyte 
reservoir resulting in an inoperable device. 



nTSr.lOSURE of thf invention 

Thus, it is an object of the present invention to provide an 
iontophoretic drug delivery device with electrode assemblies which 
are manufactured in an initially non-hydrated or dry state but whicl 
can be quickly hydrated prior to placement on the body. 

It is another object of this invention to provide an improved 
method of quickly hydrating the electrode assemblies in an 
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iontophoretic delivery device in order to minimize the "start-up" 
delay of an iontophoretic delivery device. 

It is a further object of this invention to provide an 
iontophoretic drug delivery device which cannot be inadvertently 
hydrated prior to actual use. 

It is still another object of this invention to provide an 
iontophoretic agent delivery device, and an "automatic" method of 
hydrating same, which method requires no extra effort or interventi 
on the part of the user other than removing the device from its 
package. 



These and other objects are met by an electrically powered 
is iontophoretic agent delivery device and a method of hydrating same. 
The delivery device includes at least one dry state electrode 
assembly and a source of electrical power which is electrically 
connected to the electrode assembly. The electrode assembly includes 
an agent reservoir comprised of a substantially non-hydrated 
20 hydratable matrix adapted to contain the agent to be delivered. The 
electrode assembly is adapted to be placed in agent transmitting 
relation with a body surface, such as intact skin or a mucosal 
membrane, for electrically assisted delivery of agent therethrough. 
The electrode assembly also includes an electrode in electrical 
25 contact with both the power source and the agent reservoir. The 
electrode assembly has a container which contains a liquid for 
hydrating the substantially non-hydrated agent reservoir matrix. At 
least a portion of the container wall is comprised of a liquid 
impermeable material which is broken in order to release the liquid 

30 

In accordance with one embodiment of the invention, the liquid 
impermeable material is capable of being ripped or torn. A pull tab 
is provided having one portion attached to the liquid impermeable 
material and another portion extending out from the electrode 
is assembly. Pulling the tab relative to the liquid impermeable 

material causes the material to rip or tear, thereby releasing the 
liquid from the container. The electrode assembly also has liquid 
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flow control means for directing the flow of liquid released from the 
container to the substantially non-hydrated matrix. The electrode 
assembly is activated (i.e., hydrated) by pulling the tab which 
causes the liquid impermeable material to rip or tear, thereby 
releasing the liquid from the container. The released liquid then 
flows into the non-hydrated matrix. 

Preferably, the tab is attached to a package in which the 
device is held. The tab is pulled relative to the liquid impermeable 
material when the electrode assembly is removed from the package. 
Thus, the action of removing the electrode assembly from the package 
"automatically" hydrates and activates the electrode assembly. 
Alternatively, the tab is attached to a release liner covering a skin 
contacting surface of the electrode assembly. The tab is pulled 
relative to the liquid impermeable material when the release liner is 
removed from the electrode assembly. Thus, the action of removing 
the release liner "automatically" hydrates and activates the 
electrode assembly. 

In accordance with another embodiment of the invention, the 
liquid impermeable material ruptures when the pressure within the 
sealed container reaches a predetermined level. The device is held 
within a package having a compression zone therein. When the device 
is removed from the package, the sealed container is forced through 
the compression zone causing the pressure within the sealed container 
to rise above the predetermined level thereby causing the liquid 
impermeable material to rupture and release the hydrating liquid. 

In another embodiment, the dry state electrode assembly is 
provided with a sealed flexible pouch containing both a hydrating 
liquid and a punch. The punch has a blade which, when activated, 
punctures the pouch and provides a liquid flow path from the pouch to 
the non-hydrated agent reservoir matrix. The blade is activated by 
compressing the flexible pouch. Means are provided for preventing 
accidental activation of the blade by pressure inadvertently applied 
to the pouch. 
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In yet another embodiment, the dry state electrode assembly is 
provided with a sealed container containing a hydrating liquid. A 
punch is positioned between the container and a non-hydrated 
reservoir. The punch has at least one blade which, when activated, 
s punctures the wall of the container and thereby releases the liquid 
from the sealed container. The punch has an opened structure which 
permits the release liquid to flow through the punch and into the 
hydratable reservoir. 



BRIEF DESCRIPTION r >F THE DRAWINGS 

Figure 1 is a sectional side view of an iontophoretic drug 
delivery device according to the present invention; 

Figure 2 is a top view of the device shown in Figure 1; 

Figure 3 is a bottom view of the device shown in Figure 1, 
taken along line 3-3 in Figure 1; 

Figure 4 is a side view of a package for holding an 
iontophoretic delivery device according to one embodiment of the 
present invention; 



Figure 5 is a front view of the package shown in Figure 4; 

25 

Figure 6 is a front view of the container shown in Figures 4 
and 5, with the iontophoretic delivery device shown in phantom; 

Figure 7 is a perspective view of the package and iontophoretic 
so delivery device shown in Figures 4, 5 and 6, with portions of the 
package opened for purposes of illustration; 

Figure 8 is a sectional view of the package and the 
iontophoretic delivery device shown in Figure 7, taken along line 8-8 
35 in Figure 7; 
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Figure 9 is a side sectional view of an iontophoretic delivery 
device and a package therefor in accordance with another embodiment 
of the present invention; 

Figure 10 is a perspective view of a fluid reservoir container, 
with parts shown in phantom, useful for hydrating an iontophoretic 
delivery device in accordance with another embodiment of the present 
invention; 

Figure 11 is a side sectional view of the fluid reservoir 
container shown in Figure 10, with a punch in an up or ready 
position, i.e., before hydration of the underlying electrode 
assembly^ 

Figure 12 is another side sectional view of the fluid reservoir 
container shown in Figures 10 and 11 with the punch in a down or 
activated position for hydration of the underlying electrode 
assembly; 

Figure 13 is a side sectional view of a fluid reservoir 
container and portions of an iontophoretic delivery device, with an 
alternative punch in a ready position, i.e., before hydration of the 
underlying electrode assembly; 

Figure 14 is another side sectional view of the fluid reservoir 
container and iontophoretic delivery device shown in Figure 13, with 
the punch in an activated position for hydration of the underlying 
electrode assembly; 

Figure 15 is a top view of the punch illustrated in Figures 13 
and 14; 

Figure 16 is a perspective view of a package for an 
iontophoretic delivery device, with means for automatically hydrating 
5 the device upon opening of the package; 
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Figure 17 is a side sectional view of the package and the 
device shown in Figure 16, taken along line 17-17; and 

Figure 18 is a side sectional view of another iontophoretic 
drug delivery device according to the present invention. 

In the figures, like elements are designated by the same 
reference number in the several drawings. 

MODES FOR CARRY TNft pyj THF INVFNTTnM 

Figure 1 is a side sectional view of an iontophoretic delivery 
device 10 for delivering a beneficial agent through a body surface 
100 such as intact skin or a mucosal membrane. Iontophoretic 
delivery device 10 includes a donor electrode assembly 8 and a 
counter electrode assembly 9. The donor electrode assembly 8 and the 
counter electrode assembly 9 are separated by insulator 19. 
Insulator 19 prevents the electrode assemblies 8 and 9 from short 
circuiting the body by preventing direct electrical and/or ion 
transport between the electrode assemblies 8 and 9 (i.e., without 
current in the form of ions passing through the body). Insulator 19 
can optionally be provided around the outer peripheries of electrode 
assemblies 8 and 9 (as shown in Figure 1) to prevent contamination of 
reservoirs 15 and 16 by fluids such as bath water while the device 10 
is positioned on body surface 100 (e.g., the skin). Insulator 19 is 
preferably formed of a hydrophobic non-conducting polymeric material 
which is impermeable to both the passage of ions and water. 
Preferred insulating materials include nonporous ethylene vinyl 
acetate, polyisoprenes, polypropylenes, copolymers of isoprene and 
propylene and in general any closed cell foamed plastic. 

Electrode assemblies 8 and 9 are connected in series, using 
well known electrical conductors such as metal foils, wires, printed 
circuits or electrically conductive films (not shown), with an 
electrical power source. The power source and the electrical 
conductors are schematically shown as member 14. The power source 
used to power device 10 is typically one or more low voltage (e g 1 
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to 3 volt button cells) batteries. A flexible and water impermeable 
housing 13 covers the top of device 10 including member 14 with Us 
associated electrical components. 

The donor electrode assembly 8 includes an electrode 11 and a 
reservoir 15. The reservoir 15 contains the beneficial agent to be 
iontophoretically delivered by device 10. A rate controlling 
membrane layer (not shown) may optionally be positioned between the 
reservoir 15 and the body surface 100 for controlling the rate at 
which the agent is delivered to the body surface 100 or for limiting 
the delivery of agent to the body surface 100 when the device is 
turned off. Counter electrode assembly 9 contacts the body surface 
100 at a location spaced apart from electrode assembly 8. Counter 
electrode assembly 9 includes an electrode 12 and a reservoir 16. 
Reservoir 16 contains an electrolyte, e.g., a water soluble 
electrolyte salt. 

Device 10 can be adhered to the body surface 100 by means of 
any known means for applying an iontophoretic delivery device to a 
body surface. For example, device 10 may be adhered to body surface 
100 by ion-conducting adhesive layers applied to the body-facing 
surfaces of reservoirs 15 and 16. Alternatively, device 10 may be 
adhered to the body surface 100 using an adhesive overlay. Any of 
the conventional adhesive overlays used to secure passive transdermal 
delivery devices to the skin may be used. Still further, device 10 
may be adhered to body surface 100 through the use of tacky reservoir 
matrix materials for reservoirs 15 and 16 or through the use of a 
tacky insulator 19. Still further, device 10 may be secured in lon- 
transmitting relation to body surface 100 by a strap or an elastic 
, band, e.g., a strap or band encircling a body part such as an arm or 
a leg. 

When the device 10 is in storage, no current flows because the 
device does not form a closed circuit. When the device 10 is placed 
5 on the skin or mucosal membrane of a patient and the electrode 
assemblies 8 and 9 are sufficiently hydrated to allow ions to flow 
through the various layers of electrode assemblies 8 and 9, the 
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circuit between the electrodes is closed and the power source begins 
to deliver current through the device and through the body of the 
patient. The donor and counter electrode assemblies 8 and 9 normally 
include a strippable release liner, not shown, which is removed prior 
to application of electrode assemblies 8 and 9 to body surface 100. 

The donor electrode assembly 8 includes an optional layer 17 of 
a liquid-wicking material positioned between electrode 11 and a 
sealed liquid-containing container or pouch 21. The wall 23 of pouch 
21 is formed of a 1 i quid- impermeable material, preferably a flexible 
sheet material such as high density polyethylene, polypropylene or a 
metal foil such as aluminum foil. Pouch 21 is sealed along the side 
adjacent wicking layer 17 with a 1 i quid- impermeable material 25 which 
is shown in the form of a sheet. Sheet 25 is broken, as described 
hereinafter, in order to release liquid 20 from pouch 21. 

Like donor electrode assembly 8, the counter electrode assembly 
9 also has a sealed container or pouch 22 containing a liquid 20 An 
optional liquid wicking layer 18 is provided between electrode 12 
pouch 22. Like pouch 21, the wall 24 of pouch 22 is also formed of a 
liquid impermeable material, and preferably a flexible sheet material 
such as high density polyethylene, polypropylene or a metal foil such 
as aluminum foil. The liquid 20 contained in pouches 21 and 22 is 
typically water, although other liquids including non-aqueous 
liquids, can also be used. Pouch 22 is sealed along the side 
adjacent wicking layer 18 with a liquid-impermeable material 26 which 
is shown in the form of a sheet. Like sheet 25, sheet 26 can also be 
broken. 
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In the embodiment illustrated in Figure 1, sheets 25 and 26 are 
capable of being ripped or torn and preferably have a tear strength 
in the range of about 0.2 to 2.3 kg. Most preferably sheets 25 and 
26 are comprised of a thin, water impermeable film or foil such as 
polymer films, metal foils, metallized polymer films such as metal 
deposited on a polymer film and metal foil/polymer film laminates 
As best shown in Figures 1 and 3, a pull tab 27 is attached to sheet 
25. Similarly, a pull tab 28 is attached to sheet 26. Each of the 
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n tabs 27 and 28 is folded over on itself and has a graspable end 
pull tabs Z7 ana to \> j auir o in as best shown 

^ J",. y. - having greater strength than the tear 

I T; and 28 are attached to sheets 25 and 26. If necessary 
Z^TS* way he intention^ ^ in the r^s where 
, pun tahs 27 and 28 are attached to sheets 2 and 2 respects 
1, order to ensure proper tearing of sheets 25 and 26. 

The pull tabs 27 and 28 provide an Important advantage not 

■a *.i fnrres exerted on the water reservoir during manufacture, 
SS^SS of the electrode. With the present design, 

20 srUi- - - •••» r:; : y 

the action of grasping and pulling tabs 27 and 28. The action 

1 1 ng tabs 27 and 28 retires an intentional act.on on the part of 

t o of the underlying electrode assembly caused r pressure 

oTs i thin electrode assemblies 8 and 9, must become suffKiently 
JS hydrated to enable agent to be transported therethrou by 

ontophoresis. In order to hydrate reservoir ayers » - «• " 
„11 as any optional membrane and/or adhesive layers, the l.ge.d 
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contained 1„ pouches 21 and 22 mst „ e ^ ^ 

into the non-hydrated portions of electrode assMM „ s „ an(J 
respectively. The ligeid 20 In pouch a, is re,eased by grasping and 
Pn -eg pen tab 27 the direction of the arrow shown 
■ * '."9 ab 27 causes sheet 25 to tear, thereby releasing „J 2 ' 
into layer ,7. The ,„ utd 20 is WeH , absor J < , » , 

and wicked across the entire top surface of electrode n. s,In a , 
order to hydrate the non-hydr.ted matrix of reservoir 
gu,d 20 is released fro™ pouch 22 by grasping and pulling ta b 28 
.» he d,rect,on of the arrows shown figures , end 3 P f g t 8 

layer 18. The l„„,d 20 is guickly absorbed by layer 18 a „d wicL 

" irr to v urface ° f e,ettrod6 12 - ^ ~ 

layers 17 and 18 may be comprised of liguid-wicking materials such as 

polymer resins, etc. and blends thereof. Also suitable as wtckin„ 
-U„.,, are hydrophobic resin fibers, such as 
n yes er fibers which have preferably been treated „ rue 
hydroph.lic surface, thus allowing water to adsorb to Z . 
- ™ers and be transported by capillary ct , t ' ' °" 

' ™ e " treated t0 P™*«* « ««eble surface, are Cow 
Tbenuax*. both sold by E.I. Ou p ont de Nenours a „ d " ^ 

Wi m.ngton, DE. C00W and Ther „ ax . fiben< u JZtL 

n P. ypropyleoe fibers and other surfece-wettable hyd bo , 

f c r oT L 6 f b 1C,ent r Ck,n9 f,b6rS ' '""^^ " "T be 
surface of the f,bers end i„ the spaces between fibers without 

reta.n.ng much water within the fibers themselves. 

31 As an alternative to wicking layers 17 and 18 fk . . 

of electrodes „ and I2 may be prided wn " , a1 
convey,„g g r00ves particu , ar)y „ ^ ^ * J 

are composed of e solid polymer matrix containing a hyd 0 i 
« -conveying additive. As an alternative to the p f 
> liq-id conveying grooves, the top surface of electrodes 1 » 
• » be textured in substantially any known - ^ ™ 
P'urelny of small peaks and valleys of sebsta„tia„y any 3 
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conjuration (e.g., . roughened surface). These small .alleys 
convey water across the entire surface of electrodes .1 and 12. 

EUctrodes 11 and 12 each have a structure and/or a position 
„hich allows the liquid 20 to pass therethrough and Into the non- 

in ,„h is resoectively, as well as into any 
hydrated reservoirs 15 and 16, respectively, 

optional membrane and/or adhesive layers present, and thereby hydra 
Z „rti,ate the electrode assemblies 8 and 9, respectively. 

« rldi; U and 12 each have at least one liquid convoying pathway 
therethrough to allow liquid 20 released from pouches 21 and 22 ^ 
re pect ve y, to flow int. the non-hydrated matrices of reserv ,rs 5 
or example, electrodes 11 and 12 can be formed of metal in 
t L of a pl/te (not shown, having one or more liquio convey.ng 
holes therethrough. Alternatively, electrodes 11 and 12 can 
fori of a met., screen (not shown,. Host preferab,y however 
e ,ectrodes 1, and ,2 are in the form of a soli po W m 
containing both an electrically conductive filler (e g., car on 
fibers or metal powders) and a liquid conveying additive, most 
preferably a bydrophilic water conveying additive. 

The agent (i.e., a drug and/or an electrolyte salt) may be 
.resent in the non-hydrated reservoirs 15 and 16 before hydration or 
be a ed to the non-hydrated reservoirs 15 and 16 with the liquid 
" a the time of hydration, however in the case of an agent in the 
. rm of drug which is unstab,e in the presence of * 

ouid 20. the drug is preferably present in the non-hydrated 
re voir 15 before hydration. When the non-hydrated reservoir 15 
contain, the agent to be delivered, the iiquid 20 pre era by 
prises deionized water. When the non-hydrated reservoirs 1 nd 
,o HnitiaHy contain no agent, the iiquid 20 preferably comprises an 
u us soiution or suspension of a drug or an electrolyte salt. 
Host preferably, reservoirs 15 and 16 are each comprised of a 
hydrophilic polymer. 

in most cases, the liquid 20 contained in pouches 21 and 22 
will be composed at least in part of water. However, it .s well 
w in the cope of the present invention to "hydrate" the reservoirs 
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15 and 16 using other liquids including non-aqueous liquids such as 
alcohols and glycols. Accordingly, as used herein, the term 
"hydrate" refers to the release of either an aqueous or non-aqueous 
based liquid 20 from pouches 21 and 22. Furthermore, in those 
instances where the non-hydrated reservoirs 15 and/or 16 initially 
contain no drug or electrolyte, the hydrating liquid 20 may comprise 
a liquid solution or suspension of the drug or electrolyte. Liquid 
20 may also contain other additives such as preservatives, agents 
which inhibit microbial growth, and agents which enhance the 
transdermal flux of drug through the skin, e.g., one or more 
surfactants, and combinations of these agents. In the typical case 
where the liquid is comprised of water, the matrix of reservoirs 15 
and 16 will be at least partly composed of a hydrophilic material 
such as a hydrophilic polymer, a cellulosic sponge or pad, or other 
water retaining material. Most preferably, the reservoirs 15 and 16 
are comprised of a hydrophilic polymer of the type described 
hereinafter. 
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In accordance with the present invention, at least one of 
electrode assemblies 8 and 9, and preferably both electrode 
assemblies 8 and 9, are initially in a substantially dry state 
Thus, the various ion transporting layers making up electrode ' 
assemblies 8 and 9 are initially in a non-hydrated condition As 
used herein, the terms "dry state" and "non-hydrated" mean that the 
particular layer contains an insufficient amount of liquid to permit 
ion transport therethrough. For example, the ion transmitting layers 
f donor electrode assembly 8 include reservoir 15 and any optional 
a hesive and/or membrane layers. Depending upon its composition 
e ectrode 11 may also be ion-conducting. For example, if electrode 
11 is a metal foil, then it is electrically conductive (i e 
electron conducting) but not ion -conduct ing. However, if'eiectrode 
11 is composed of a hydrophilic polymer matrix (e g 
Polyvinylpyrrolidone) loaded with metal particles, then electrode 11 
is also ion-conducting. In order for donor electrode assembly 8 to 
be considered a "dry state" electrode assembly, reservoir 15 and 
other ion-conducting layer(s) within electrode assembly 8 initially 
contain an insufficient amount of liquid to allow efficient ion 
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,bout 5 art* liquid and most preferably 

,„ Figures 4-8, there is shovm an alternate embodiment of an 
10 —0 agent deliver, device, dieted » the 

l n :;r:.S,, respective,,, in a ^ ~ 

„ device 10 illustrated in Figure I. Sheets 25 and 

serial -hich is capable of being npp «■ 

38 (Figures 4-8) differ from pull tabs 27 and 28 (Figures , 
38 (Figures , ^ jn wd portlo „ 

— ="»~rrr:/r:^:~::r 
- " Fi9Ur " 6 ' 7 of dev ce 0 from pocket 33 .optica,,, causes 

taos j. *nu _„, K1o <heets 25 and 26 which seal the 

"T ^7*2 ZZ y "S the dr, state electrode 

removing device 30 from package 32. 
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iontoJ T" there 15 1,,ustr " M "otOr embodiment of an 
according to the present invention. Like the device 30 illustrated 

. n-oie -on 2 ,";:: el ; fl rrj°r 21 hav,n9 

shown in the for, of . s Lt Sheet 4Srf ^ W 
♦k- eet 45 1S designed to ruDture whpn 

. —r^ns ;;.;r::t r rr - ■• 
........ „,,.„,„ .„ , „'„„ „- - ~ « - 

accommodates the shape of pouch 21 iit^f i 

Package 42 has a compression zone 46 formed by either m th* B ^ , 
25 down part of portion 21 in r„mh, *■ 1 ' necked- 

.21 th. t I comb ^at,on with the bottom of package 42 

U; the top of packaae 4? and fh„ HatM 9 e 

menage <jz and the protuberance 44. or m > 
conation of ,1, an, (2) above . Tho$e ° 3 

read>l, appreciated that portion 4! and protuberance 44 e the a, 
. my be used t0 fom concession L '4 6 lv " 

» additional configurations to oackao. as- <■ . " e ,6 - Ma "' 

46 will be obvious ,„ ° '\ '! V ra1 " 9 c '»' , ™» i ™ »«• 

:^rr:; « - - = ~r jr 
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in order to activate device 40, device 40 is slid out of 
package 42 in the direction of the arrow, forcing pouch 21 into the 
re s on zone 46. When pouch 21 encounters ^"ssion zone . 
the pouch is squeezed tbereb, increasing the pressure w,t h, ch 21 
to a level at least as great as the predetemnned level, thereb, 
l,o sheet 45 to rupture. Once ruptured, the liquid 20 »«nn 
1 released into the optional wickin, layer 17 and tbroug 
e ectrode U into the non-hydrated matrix of reservoir 15 samiUr o 

To. in addition to the dry agent reservoir 15, device 40 also 
includes a non-hydrated layer 47 of an ion-conducting adhesive A 
release liner 48 is provided on the W surface of de»,ce 4 
,. adapted to be reeved prior to placement of device 40 on the body 
surface. 

in Figures 10-12, there is illustrated another embodiment of a 
, tq „,d. containing container in the form of a pouch used for hydrating 
a on-hydrated reservoir matrix in an iontophoretic deliver, d v ce 
„ figure .0, there is illustrated a sealed pouch 50 which con ,ns a 
hydrattng liquid 20. 7he wall of pouch 50 is formed of flexible 
sheet material such as polyethylene, polypropylene or a 
polyester/foil laminate such as Medpar* sold b, the Hinnesota Nining 
poiyescer/ positioned within pouch 50 is 

and Manufacturing Co. of St. Paul, ™. ro 

a punch 60. In Figures 10 and 11. punch 60 is in the up or read, 
position whereas in Figure 12, punch 60 is shown in the down or 
activated position. Alternatively, two or more punches 60 may be 
positioned within pouch 50. 

Referring now to Figure 11, punch 60 is comprised of a plunger 
62 and a stand 64. Plunger 62 has a blade 63 with a ■♦■ shaped 
. cross-section. Surrounding blade 63 are a plurality of space prongs 
66, each prong 66 having a pair of spaced raised ndges 6 and «. 
t nd 64 has an annular shape with slots 61 which permit 1, quid 20 to 
Z into the hole created b, blade 63, as shown by the fluid low 
arrow in Figure 12. Stand 64 also has an inwardl, orooec ,ng 1-P 65. 
, tip 65 is shaped to engage prongs 66 with the lip 65 positioned 

tween ridge 67 and 68 as shown in Figure ,1. Blade 63 ma, be ma 
"n» rigid material having sufficient strength to puncture the wall 
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of pouch 50 when the top of pouch 50 is compressed as shown by the 
arrow in Figure 12. Preferably, punch 60 is composed of a rigid 
polymer material such as polycarbonate, polysulfone or rigid 
polyvinyl chloride. As plunger 62 is pushed into stand 64, ridge 67 

llZTltlt U T Eventually blade 63 cuts through the 

wal of pouch 50, and penetrates through various upper layers in the 
icntophoretlc delivery device with the point of blade 63 ending 
within tricking material 17 as best shown in Figure 12. Liquid within 
pouch 50 flows through slots 61 and along the open areas of the 
* S h haP K 6d C 7 S - secti0 " of blade 63 and into optional wicking layer 
reservoir 15 ^ ^ ^ ° f 
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A dry state iontophoretic delivery device having one or more 
l.qu.d-containing pooches 50 may be osed in conjunction „ith a 

Z e « Th the / yPe 1,,UStr " ed " Fi9Ure 9 " ^ a «W« 
oca ted „ " 66 he ' d " the PaCki9e " ith P»"<Mes) 50 

e h " ! C0,P ?!l 0n *" «» *»<« I- rJL from 

the package, the pouch 50 is forced throogh compression zone 46 

' I*™* P ° UCh 50 t0 be <™P«»*. thereby activating punch 
60 by pushing plunger 62 into stand 64. 

nre s < AU !™ tiVe ' ) '' *»* 60 <«« "e activated by having the user 
press on the top of pouch 50 using ordinary finger pressure. 

„^„ The 65 ^ COnJunc,io " " tth the *P»«d ridges 67 and 68 
prov,de an ,mporta„t advantage not found ,„ prior art bydratable 
evices. With devices such as those disclosed in Konno et a, US 
Patent 4,642,577, there »as a tendency for tbe sea, between be water 
reserves and tbe non-bydrated portions of tbe electrode to 
inadvertently b rok en during manufacture, packaging Jnd/or hand , 
e electrode. With tbe present design, this problem has been 
• t..nat.d since slight pressures exerted on poucb 50 which bave a 
tendency to push plunger 62 into stand 64 are insufficient to 

ZZTt^ TT" Pr ° V,ded by ' he interaCti °" '"ween 'be lip 
65 an the ndge 67 thereby preventing inadvertent hydration of the 
uoder,y,„g electrode assembly caused b, pressure inadvertently 
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applied to pouch 50. Thus, the present design provides .an important 
improvement over that disclosed by Konno et al . 

In Figures 13-14, there is illustrated another embodiment of a 
5 liquid-containing container in the form of a pouch used for hydrating 
a non-hydrated reservoir matrix in an iontophoretic delivery device. 
In Figure 13, there is illustrated a sealed pouch 50 which contains a 
hydrating liquid 20. The wall of pouch 50 is formed of flexible 
sheet material such as polyethylene, polypropylene, or a 
10 polyester/foil laminate such as Medpar* Positioned underneath pouch 
50 is a punch 70. In Figure 13, punch 70 is in a ready position 
whereas in Figure 14, punch 70 is shown in an activated position. A 
top view of punch 70 is shown in Figure 15 whereas the view of punch 
70 illustrated in Figure 13 is taken along lines XIII-XIII in Figure 
15 15 Punch 70 is comprised of a ring-shaped member 71 having a 

plurality (e.g., four) biased blades 72, 73, 74 and 75, each of which 
extends radially inwardly from member 71. The member 71 and the 
blades 72, 73, 74 and 75 may be formed of a single integral member, 
or alternatively, the blades 72, 73, 74 and 75 can be separately 
20 formed and then later attached by appropriate means to member 71. 

For example, member 71, and blades 72, 73, 74 and 75 may be formed of 
metal and the blades may be attached, e.g., by welding, to member 71. 
Alternatively, punch 70 may be formed by a metal stamping operation 
Still alternatively, the member 71 and the blades 72, 73, 74 and 75 
25 can be a single integral piece formed e.g., by molding an appropriate 
polymer such as an ABS copolymer, a polyamide, or nylon. 

As best shown in Figure 13, each of the blades 72-75 has a 
plurality of bends 76-78 therein. Bend 78 is substantially less 

so flexible than bends 76 and 77 and accordingly, bends 78 do not 

straighten out when downward pressure is applied to the top of blades 
72-75 Further, each of the blades has a free end which is oriented 
generally in a direction pointing towards the bottom of pouch 50. 
When pressure is applied to the top of pouch 50 as shown by the arrow 

35 in Figure 14, the pouch 50 is forced downward against blades 72, 73, 
74 and 75. This downward pressure causes the more flexible bends 76 
and 77 in blades 72 and 73 to straighten, forcing the blades 72-75 



WO 93/24177 



24 



PCT/US93/05154 



into the configuration shown in Figure 14. As will be readily 
appreciated, the natural bias of the blades 72-75 causes their free 
ends (which are preferably sharpened to enhance their ability to 
puncture through backing layer 52 and pouch 50) to extend upwardly 
5 eventually puncturing backing layer 52 and the bottom wall of pouch 
50, forming a hole 51 therethrough. Once hole 51 is formed, liquid 
20 within pouch 50 flows out of the pouch 50, through hole 51, 
through the open base of ring-shaped member 71, and into the wicking 
layer 17. The hydrating liquid 20 flows through the electrode layer 
io 11 and into the non-hydrated agent reservoir 15. 

A dry state iontophoretic delivery device having a liqui- 
containing pouch 50 and a punch 70 may be used in conjunction with a 
package of the type illustrated in Figure 9 and having a compression 

is zone 46. The device can be held in the package with the pouch 

located outside compression zone 46. When the device is removed from 
the package, the pouch 50 is forced through compression zone 46 
causing flexible pouch 50 to be compressed, thereby activating punch 
70 by forcing blades 72-75 to puncture the underside of pouch 50 

« Alternatively, punch 70 can be activated by having the user press on 
the top of pouch 50 using ordinary finger pressure prior to using the 
device. 



In Figures 16 and 17 there is shown another iontophoretic 
2S delivery device 80 which is automatically hydrated upon removal from 
its package 90. Package 90 is comprised of a tray 92 and a lid 94 
Lid 94 is provided with openings 95-99. The tray 92 is provided with 
four slots 93. Two strips 81 and 82 are provided in lid 94 as shown 
in Figure 16. Strip 81 has two ends, each of which engages a slot 
30 93. Similarly, strip 82 has two ends, each of which engages other 
s ots 93 in tray 92 (not shown in Figure 16). Strip 81 is threaded 
through openings 96 and 97 and passes across opening 95 above pouch 
50 by way of slots 88. Similarly, strip 82 is threaded through 
openings 98 and 99 and passes across opening 95 above a second pouch 
as 50 by way of slots 89. 
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In a stored condition, the ends of strips 81 and 82 extend into 
slots 93, thereby securing lid 94 within tray 92. 

In order to remove lid 94, the strips 81 and 82 must be 
depressed in the region of opening 95 as best shown in Figure 17. 
Depression of strips 81 and 82 causes the strips to withdraw from at 
least two of the slots 93 located on the same side of tray 92, and 
preferably causes the strips to withdraw from all four slots 93 on 
both sides of tray 92, as best shown by the arrow in Figure 16. In 
addition, depression of strips 81 and 82 in the region of opening 95 
causes pressure to be exerted on pouches 50, which causes pouches 50 
to break and release water to the non-hydrated portions of device 80 
in a manner consistent with that disclosed earlier herein. As will 
be appreciated by those skilled in the art, package 90 provides a 
means for automatically hydrating device 80 upon removal of device 80 
from package 90. 

In Figure 18 there is shown another iontophoretic delivery 
device 110. Device 110, like device 10 shown in Figure 1, includes a 
non-hydrated donor electrode assembly 8 and a non-hydrated counter 
electrode assembly 9. Covering the skin contacting surfaces of donor 
electrode assembly 8 and counter electrode assembly 9 are release 
liners 112 and 113, respectively. Release liners 112 and 113 are 
typically comprised of a siliconized polyester material. One end of 
release liner 112 is fixedly attached to tab 27. Release liner 112 
and tab 27 are attached to one another using conventional means (not 
shown) such as gluing, stapling, etc, in the region designated 114. 
Similarly, release liner 113 is attached to tab 28 in the region 115 
using conventional attachment means. Before use, the patient or 
physician peels the release liners 112,113 off the surfaces of 
electrode assemblies 8 and 9, respectively, as shown by the arrows. 
Once the release liners 112 and 113 are peeled away from the skin 
contacting surfaces of the electrode assemblies 8 and 9, the patient 
or physician further pulls the release liners outwardly from device 
110, causing tabs 27 and 28 to be pulled relative to pouches 21 and 
22, respectively. This pulling action operates to both open the 
water containing pouches 21 and 22 in a similar manner to that 
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described in connection with device 10 shown in Figure 1 and also 
removes the release liners 112 and 113. This configuration assures 
that the electrode assemblies 8 and 9 are hydrated, and thus device 
110 is activated, prior to placement on the body since the release 
s liners 112 and 113 must first be removed before the device 110 can be 
secured in place on the body surface. 

When used in connection with the reservoir 15 or the donor 
electrode assembly 8, the term "agent" refers to beneficial agents, 
io and preferably to beneficial agents such as drugs, within the class 
which can be delivered through body surfaces such as skin and mucosal 
membranes. Most preferably, the beneficial agent is soluble in the 
liquid used to "hydrate" the donor electrode assembly 8. 

is The expression "drug" is intended to have a broad 

interpretation as any therapeutically active substance which is 
delivered to a living organism to produce a desired, usually 
beneficial, effect. In general, this includes therapeutic agents in 
all of the major therapeutic areas including, but not limited to, 
anti-infectives such as antibiotics and antiviral agents, analgesics 
and analgesic combinations, anesthetics, anorexics, antiarthritics, 
antiasthmatic agents, anticonvulsants, antidepressants, antidiabetic 
agents, antidiarrheals, antihistamines, anti- inflammatory agents, 
antimigraine preparations, antimotion sickness preparations, 
25 antinauseants, antineoplastics, antiparkinsonism drugs, 

antipruritics, antipsychotics, antipyretics, antispasmodics, 
including gastrointestinal and urinary, anticholinergics, 
sympathomimetics, xanthine derivatives, cardiovascular preparations 
including calcium channel blockers, beta-blockers, anti-arrhythmics, 
antihypertensives, diuretics, vasodilators, including general , 
coronary, peripheral and cerebral, central nervous system stimulants, 
cough and cold preparations, decongestants, diagnostics, hormones, 
hypnotics, immunosuppressives, muscle relaxants, parasympatholytics, 
parasympathomimetics, proteins, peptides, psychostimulants, 
35 sedatives and tranquilizers. 
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The invention is particularly useful in the controlled delivery 
of peptides, polypeptides, proteins, macromolecules and other drugs 
which have a tendency to be unstable, hydrolyzed, oxidized, denatured 
or otherwise degraded in the presence of the liquid, such as water, 
necessary to conduct iontophoresis. For example, drugs containing 
either an ester bond (i.e., steroids) or an amide bond (i.e., 
peptides) may be hydrolyzed in water. Specific examples of drugs 
which can become degraded in the presence of water include catechols, 
such as apomorphine and epinephrine, salbutamol, sulfhydryl such as 
captopril, niphedipine, and peptides such as VIP and insulin. 



Examples of other peptides and proteins which may be delivered 
using the device of the present invention include, without 
limitation, LHRH, LHRH analogs such as buserelin, gonadorelin, 
is naphrelin and leuprolide, GHRH, insulin, heparin, calcitonin, 
endorphin, TRH, NT-36 (chemical name: N=[[(s)-4-oxo-2- 
azetidinyl]carbonyl]-L-histidyl-L-prolinamide), liprecin, pituitary 
hormones (e.g., HGH, HMG, HCG, desmopressin acetate, etc.), follicle 
luteoids, aANF, growth factor releasing factor (GFRF), 0MSH, 
somatostatin, bradykinin, somatotropin, platelet-derived growth 
factor, asparaginase, bleomycin sulfate, chymopapain, 
cholecystokinin, chorionic gonadotropin, corticotropin (ACTH), 
erythropoietin, epoprostenol (platelet aggregation inhibitor), 
glucagon, hyaluronidase, interferon, interleukin-2, menotropins 
(urofollitropin (FSH) and LH), oxytocin, streptokinase, tissue 
plasminogen activator, urokinase, vasopressin, ACTH analogs, ANP, ANP 
clearance inhibitors, angiotensin II antagonists, antidiuretic 
hormone agonists, antidiuretic hormone antagonists, bradykinin 
antagonists, CD4, ceredase, CSF's, enkephalins, FAB fragments, IgE 
peptide suppressors, IGF-1, neurotrophic factors, parathyroid hormone 
and agonists, parathyroid hormone antagonists, prostaglandin 
antagonists, pentigetide, protein C, protein S, renin inhibitors, 
thymosin alpha-1, thrombolytics, TNF, vaccines, vasopressin 
antagonist analogs, alpha-1 anti -trypsin (recombinant). 
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When used in connection with the reservoir layer 16 and/or the 
counter electrode assembly 9, the term "agent" refers to any suitable 
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pharmacologically acceptable electrolyte salt. Preferably, the 
electrolyte salt is soluble in the liquid used to "hydrate" the 
counter electrode assembly 9. Suitable electrolyte salts include 
water soluble and biocompatible salts such as sodium chloride, alkali 
s metal salts, alkaline earth metal salts such as chlorides, sulfates, 
nitrates, carbonates, phosphates, and organic salts such as 
ascorbates, citrates, acetates and mixtures thereof. 

Electrodes 11 and 12 are electrically conductive and may be 

io formed of a metal, or other electrically conductive material. For 
example, electrodes 11 and 12 may be formed of a metal foil, a metal 
screen or metal deposited or painted on a suitable backing. Examples 
of suitable metals include silver, zinc, silver/silver chloride, 
aluminum, platinum, stainless steel, gold and titanium. 

is Alternatively, the electrodes 11 and 12 may be formed of a polymer 
matrix containing a conductive filler such as a metal powder, 
powdered graphite, carbon fibers or other known electrically 
conductive filler material. The polymer based electrodes may be made 
by mixing the conductive filler in a preferably hydrophobic polymer 

20 matrix. For example, zinc powder, silver powder, silver/silver 

chloride powder, powdered carbon, carbon fibers and mixtures thereof 
can be mixed in a hydrophobic polymer (e.g., an ethylene vinyl 
acetate copolymer) matrix, with the preferred amount of conductive 
filler being within the range of about 30 to 90 vol% and the 

25 remainder being the hydrophobic polymer matrix. 

When the electrodes 11 and 12 are positioned between the liquid 
containing pouches 21, 22 and the non-hydrated reservoirs 15, 16, 
respectively, the electrodes 11 and 12 should also be able to 

30 transmit the hydrating liquid released from pouches 21 and 22, into 
the non-hydrated reservoirs 15 and 16, respectively. This can be 
accomplished by forming one or more liquid conducting pathways 
through the otherwise solid electrodes 11 and 12. Alternatively, the 
electrodes 11 and 12 can be in the form of a metal screen. If the 

as electrodes are formed of a hydrophobic polymer matrix containing a 
conductive filler, the matrix can be made water permeable by adding a 
suitable amount (e.g., 10 to 40 voU) of a hydrophilic additive. 
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Preferred hydrophilic additives include the hydrophilic polymers used 
in the matrices of reservoirs 15 and 16. 

In the devices illustrated in the figures, the liquid 
containing pouches 21 and 22 have been positioned on the top surfaces 
of the devices. In this position, the liquid released from the 
pouches 21, 22 must be controlled to flow through the electrode 
layers 11 and 12, respectively. Thus, in the devices illustrated in 
the figures, the liquid flow control means have been shown in the 
form of "flow through" electrodes which are permeable to the 
hydrating liquid 20, optionally with a layer 17, 18 of a wicking 
material which evenly distributes the flow of liquid 20 across the 
top surfaces of electrodes 11 and 12, respectively. However, it is 
well within the scope of the present invention to position the liquid 
containing pouches 21 and 22 in other locations, for example at the 
side edges of the delivery devices in which case either or both of 

(1) the "flow through" characteristics of electrodes 11 and 12 and 

(2) the wicking layers 17 and 18 may be unnecessary. Those skilled 
in the art may appreciate that the term "liquid flow control means" 
is used herein to broadly define any means for controlling the flow 
of liquid released from pouches 21 and 22 into the non-hydrated 
portions of the device and is not limited specifically to the "flow 
through" electrodes and the wicking materials illustrated in the 
figures. 

Electrodes 11 and 12 are electrically connected to the power 
source in layer 14 using well known means, e.g., printed flexible 
circuits, metal foils, wires or by direct contact. As an alternative 
to a battery as the power source, device 10 can be powered by a 
galvanic couple formed by the donor electrode 11 and counter 
electrode 12 being composed of dissimilar electrochemical couples and 
being placed in electrical contact with one other. Typical galvanic 
couple materials for delivering a cationic agent include a zinc donor 
electrode 11 and a silver/silver chloride counter electrode 12. A 
Zn-Ag/AgCl galvanic couple provides an electrical potential of about 
1 volt. 
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The matrix of reservoirs 15 and 16 can be any material adapted 
to absorb and hold a sufficient quantity of liquid therein in order 
to permit transport of agent therethrough by iontophoresis. For 
example, gauzes made of cotton or other absorbent fabrics as well as 
5 pads and sponges, both natural and synthetic, may be used. More 
preferably, the matrix of reservoirs 15 and 16 is composed, at least 
in part, of a hydrophilic polymer material. Most preferably, the 
matrix of reservoirs 15 and 16 is a solid polymer matrix composed at 
least in part of a hydrophilic polymer. Both natural and synthetic 
io hydrophilic polymers may be used. Suitable hydrophilic polymers 
include copolyesters such as Hytrel® sold by DuPont de Nemours & Co. 
of Wilmington, DE; polyvinylpyrrolidones, polyvinyl alcohol, 
polyethylene oxides such as Polyox® manufactured by Union Carbide 
Corp.; Carbopol® manufactured by BF Goodrich of Akron, OH; blends 
of polyoxyethylene or polyethylene glycols with polyacrylic acid such 
as Polyox® blended with Carbopol®, polyacryl amide, Klucel®, 
cross-linked dextran such as Sephadex (Pharmacia Fine Chemicals, AB, 
Uppsala, Sweden), Water Lock® (Grain Processing Corp., Muscatine, 10) 
which is a starch-graft-poly(sodium acrylate-co-acryl amide) polymer, 
20 cellulose derivatives such as hydroxyethyl cellulose, 

hydroxypropylmethyl eel 1 ul ose , low-substituted hydroxypropyl eel 1 ul ose, 
and cross-linked Na-carboxymethyl cellulose such as Ac-Di-Sol (FMC 
Corp., Philadelphia, PA), hydrogels such as polyhydroxyethyl 
methacrylate (National Patent Development Corp.), natural gums, 
25 chitosan, pectin, starch, guar gum, locust bean gum, and the like, 
along with blends thereof. Of these, polyvinylpyrrolidones are 
preferred. 



15 



Optionally, the matrix of reservoirs 15 and 16 may also contain 
a hydrophobic, preferably heat fusible, polymer in order to enhance 
the lamination of reservoir layers 15 and 16 to the adjacent layers 
(e.g., insulators 26 and 27, electrodes 11 and 12 and any optional 
membrane and/or adhesive layers). Suitable hydrophobic polymers for 
use in the matrix of reservoir layers 15 and 16 include, without 
limitation, polyethylene, polypropylene, polyisoprenes and 
polyalkenes, rubbers, copolymers such as Kraton®, polyvinyl acetate, 
ethylene vinyl acetate copolymers, polyamides such as nylons, 
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polyurethanes, polyvinyl chloride, acrylic or methacrylic resins such 
as polymers of esters of acrylic or methacrylic acid with alcohols 
such as n-butanol, n-pentanol, isopentanol, 2-methyl butanol, 1- 
methyl butanol, 1 -methyl pentanol, 2-methyl pentanol, 3-methyl 
pentanol, 2-ethyl butanol, iso-octanol, n-decanol, or n-dodecanol, 
alone or copolymerized with ethylenically unsaturated monomers such 
as acrylic acid, methacrylic acid, acryl amide, methacryl amide, N- 
alkoxymethyl acryl amides, N-alkoxymethyl methacryl amides, N-tert- 
butylacrylamide, and itaconic acid, N-branched alkyl maleamic acids 
wherein the alkyl group has 10-24 carbon atoms, glycol di acryl ates, 
and blends thereof. Most of the above listed hydrophobic polymers 
are heat fusible. Of these, ethylene vinyl acetate copolymers are 
preferred. 

When the drug or electrolyte is present in the reservoir matrix 
before hydration, blending of the drug or electrolyte with the 
hydrophilic polymer matrix components can be accomplished 
mechanically, either by milling, extrusion or hot melt mixing, for 
example. The resulting reservoir layers may then be prepared by 
solvent casting, extrusion or by melt processing, for example. In 
addition to the drug and electrolyte, the reservoirs 15 and 16 may 
also contain other conventional materials such as dyes, pigments, 
inert fillers, and other excipients. 

The combined skin-contacting areas of electrode assemblies 8 
and 9 can vary from less than 1 cm 2 to greater than 200 cm 2 . The 
average device 10 however, will have electrode assemblies with a 
combined skin-contacting area within the range of about 5 to 50 cm 2 . 
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Having thus generally described our invention and described in 
detail certain preferred embodiments thereof, it will be readily 
apparent that various modifications to the invention may be made by 
workers skilled in the art without departing from the scope of this 
invention and which is limited only by the following claims. 
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CLAIMS 

What is claimed is: 

1. A device including an electrode assembly for an 
electrically powered iontophoretic agent delivery, the electrode 
assembly including a reservoir adapted to contain an agent to be 
delivered through a body surface, said reservoir being electrically 
connected to a power source, and a sealed container containing a 
liquid for hydrating the reservoir, at least a portion of the 
container comprising a liquid impermeable material characterized by, 

the reservoir comprising a substantially non-hydrated 
hydratable matrix and the liquid impermeable material is capable of 
being ripped or torn, the device also including a tab having one 
portion attached to the liquid impermeable material, whereby pulling 
the tab relative to the liquid impermeable material causes the 
material to rip or tear and release the liquid from the container and 
into the reservoir matrix. 



2. The electrode assembly of claim 1, including a release 
liner covering a body contacting surface of the electrode assembly, 
the release liner being attached to the tab, whereby removal of the 
release liner from the electrode assembly causes the tab to be pulled 

25 relative to the liquid impermeable material. 

3. The device of claim 2, wherein the release liner 
comprises a siliconized polyester sheet. 

30 4 - A Packaged electrically powered iontophoretic agent 

delivery device having a donor electrode assembly, a counter 
electrode assembly and a power source electrically connected to the 
donor and counter electrode assemblies, at least one of the electrode 
assemblies including a reservoir characterized by 



said reservoir comprising a substantially non-hydrated 
hydratable matrix and adapted to contain an agent to be delivered 
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through a body surface and a sealed container containing a liquid for 
hydrating the reservoir at least a portion of the container 
comprising a liquid impermeable, breakable material, the device b e1 ng 
held in a package before use, said package having means operatively 
associated with the liquid impermeable material whereby removal of 
the device from the package causes said means to break the liquid 
impermeable material, thereby releasing the liquid from the container 
and into the reservoir matrix. 

5. The device of claim 4, wherein the liquid impermeable 
material is capable of being ripped or torn and the means operatively 
associated with the liquid impermeable material comprises a tab, one 
portion of said tab being attached to the liquid impermeable 
material, another portion of the tab being attached to the package. 

6. The device of claim 1 or 5, wherein the liquid 
impermeable material has a tear strength in the range of about 0.2 to 
2.3 kg. 

7. The device of claim 4, wherein the liquid impermeable 
material is rupturable when the pressure within the container reaches 
a predetermined level and the means operatively associated with the 
rupturable material comprises a compression zone within the package, 
whereby removal of the device from the package causes the container 
to move into the compression zone and increase the pressure within 
the container to a level at least as great as the predetermined 
level . 

8. A sealed liquid-containing container for hydrating a 
substantially non-hydrated hydratable reservoir in an iontophoretic 
delivery device, the container including a flexible container wall, 
characterized by: 

a punch within the container, the punch having a blade 
for cutting a wall of the sealed container when the punch is 
activated in order to release the liquid from the sealed container 
into the non-hydrated reservoir, the punch also having a member for 
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holding the blade in a non-activated position and for providing a 
predetermined resistance to activation of the blade. 

9. The container of claim 8, wherein the blade has a "+*' 
s shaped cross-section. 

10. The container of claim 8, wherein the member includes a 
punch stand. 

■o 11. The container of claim 8, wherein the punch is activated 

by compressing the container. 

12. The container of claim 11, wherein the container is 
compressed by the action of removing the device from a package. 

13. The container of claim 11, wherein the container is 
compressed by pressure applied by a user's fingers. 

14. A packaged electrically powered iontophoretic agent 
zo delivery device having a donor electrode assembly, a counter 

electrode assembly and a power source electrically connected to the 
donor and counter electrode assemblies, at least one of the electrode 
assemblies comprising: 
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and 



(a) a substantially non-hydrated hydratable reservoir; 

(b) the sealed liquid-containing container of claim 8; 
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(c) a package for holding said device before use, said 
package having a compression zone therein, whereby removal of the 
device from the package causes the container to move into the 
compression zone and activate the punch. 

15. A sealed liquid-containing container for hydrating a 
substantially non-hydrated hydratable reservoir in an iontophoretic 
delivery device, the container including a flexible container wall 
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characterized by: 

a punch positioned between the container and the non- 
hydrated hydratable reservoir, the punch having a blade for cutting a 
wall of the sealed container when the punch is activated in order to 
release the liquid from the sealed container into the non-hydrated 
reservoir, the punch also having a means for permitting the released 
liquid to flow through the punch and into the hydratable reservoir. 

16. The container of claim 8 or 15, wherein the flexible 
container wall is selected from the group consisting of liquid 
impermeable polymer films, metal foils, metal deposited on a polymer 
film and metal foil/polymer film laminates. 

17. The container of claim 15, wherein the punch comprises a 
ring shaped member having a plurality of biased blades extending 
radially inwardly from the ring shaped member. 

18. The container of claim 17, wherein each of the biased 
blades has a plurality of bends therein, at least one of the bends in 
one such blade being substantially less flexible than the other bends 
in said blade. 

19. The container of claim 15, wherein the punch is activated 
25 by pressing the container against the punch. 

20. A packaged electrically powered iontophoretic agent 
delivery device having a donor electrode assembly, a counter 
electrode assembly and a power source electrically connected to the 

so donor and counter electrode assemblies, at least one of the electrode 
assemblies comprising: 

(a) a substantially non-hydrated hydratable reservoir; 

35 ( b ) the sealed liquid-containing container and punch of 

claim 15; and 
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(c) a package for holding said device before use, said 
package having a compression zone therein, whereby removal of the 
device from the package causes the container to move into the 
compression zone and activate the punch. 

21. The device of claim 1 or 4, wherein the liquid 
impermeable material is selected from the group consisting of metal 
foils, polymer films, metal deposited on a polymer film and metal 
foil/polymer film laminates. 

22. The device of claim 8 or 15, wherein the container wall 
is comprised of a material selected from the group consisting of 
metal foils, polymer films, metal deposited on a polymer film and 
metal foil/polymer film laminates. 

23. The device of claim 1, 4, 8 or 15 including liquid flow 
control means for directing the flow of liquid released from the 
container to the non-hydrated reservoir matrix. 

24. The device of claim 1, 4, 8 or 15, wherein the agent is 
unstable or becomes degraded in the presence of the liquid. 

25. The device of claim 1, 4, 8 or 15, wherein the electrode 
assembly is a donor electrode assembly and the agent is a drug. 

26. The device of claim 1, 4, 8 or 15, wherein the liquid 
comprises water. 



27. The device of claim 1, 4, 8 or 15, wherein the liquid 
so comprises an aqueous solution or an aqueous suspension of the drug. 

28. The device of claim 1, 4, 8 or 15, wherein the electrode 
assembly is a counter electrode assembly and the agent is an 
electrolyte. 

35 
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29 The device of claim 1, 4, 8 or 15, wherein the liquid 
comprises an aqueous solution or an aqueous suspension of the 
electrolyte. 

30 The device of claim 1. 4, 8 or 15, including a liquid 
flow control means associated with the sealed container for directing 
the flow of liquid released from the container to the non-hydrated 
reservoir matrix. 

10 31 The device of claim 30, wherein the liquid flow control 

means comprises a liquid wicking material positioned between the 
sealed container and the reservoir. 

32 The device of claim 30, wherein the reservoir is 
is electrically connected to the power source through an intermediate 
current distributing electrode and the liquid flow control means 
comprises one or more liquid conveying pathways through the 
electrode. 

20 33 The device of claim 30, wherein the reservoir is 

electrically connected to the power source through an intermediate 
current distributing electrode and the liquid flow control means 
comprises one or more liquid conveying grooves in a surface of the 
electrode. 

34 The device of claim 1, 4, 8, or 15, wherein the reservoir 
is electrically connected to the power source through an intermediate 
current distributing electrode and the electrode is in the form of a 
metal screen. 

35 The device of claim 1, 4, 8 or 15, wherein the reservoir 
is electrically connected to the power source through an intermediate 
current distributing electrode and the electrode comprises a 
hydrophobic polymer matrix containing an electrically conductive 

as filler and about 10 to 50 vol* of a hydrophilic water conveying 
additive. 
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36. The device of claim 35, wherein the hydrophilic water 
conveying additive comprises a hydrophilic polymer. 

37. An electrically powered iontophoretic agent delivery 
s device including a donor electrode assembly, a counter electrode 

assembly and a source of electrical power which is electrically 
connected to the donor and counter electrode assemblies, at least one 

1 I T T C0Unt6r 6leCtr0de aSSemblieS C ° mpHsin 9 - strode 
assembly of claim 1, 4, 8 or 15. 
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38. An electrically powered iontophoretic agent delivery 
device including a donor electrode assembly, a counter electrode 
assembly and a source of electrical power which is electrically 
connected to the donor and counter electrode assemblies, each of the 
donor and counter electrode assemblies comprising an electrode 
assembly of claim 1, 4, 8 or 15. 



39 The device of claim 36 or 37, wherein the donor and 
zo ---^ectrode assemblies are separated by an ion- impermeable 



40. The device of claim 1, 4, 8 or 15, wherein the power 
source comprises a battery. 

" 41 i - The d6ViCe ° f Claim h 4 ' 8 ° r 15 ' wherei " the body 

surface is intact skin or a mucosal membrane. 
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FIG.7 
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FIG, 10 
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